This chapter focuses on the study on luminescent materials, which consist of oxide compounds (host material) and rare earth ions (as the activator) in the valence state, mostly 3+. The first part begins with a background study about the luminescence phenomenon, its stages, and the configurational coordinate diagram. Then, we review the notation often used for rare earth ions, such as the term symbols associated with the energy levels of the ground state. Lastly on the first part, we establish a relationship between the configurational coordinate model and the electronic transitions of such ions. The second part shows the photoluminescence results in some oxide compound materials doped with rare earth ions that have been reported in research articles with potential applications.
1. Introduction
Background
Luminescence can be defined as the capability of a body to emit light when exposed to electromagnetic radiation or other means such as energy from an electron, a chemical reaction, and so on. Examples are as follows: when the body is excited by low-energy photons, often ultraviolet radiation (photoluminescence), by cathode rays (cathodoluminescence), by an electric field strength (electroluminescence), by X-rays (X-rays luminescence), and so on. The light emitted by a body (a luminescent material) appears in the visible part of the electromagnetic spectrum, but can be in the infrared (IR) or ultraviolet (UV) regions.
A first application of a luminescent material is that the photoluminescence occurs in a fluorescent lamp. Such lamp consists of a glass tube in which a low-pressure mercury discharge generates ultraviolet radiation. This material converts the UV radiation in white light. Visible light emission processes due to thermal radiation are termed incandescence, and not luminescence. This distinction explains why the efficiency of conversion of electricity to light is in a fluorescent lamp considerably higher than in an incandescent lamp [1] . Figure 1 shows an example of this situation.
In the example of Figure 1(a) , if a photon of 3.35 eV (≈370 nm of wavelength in ultraviolet part of the electromagnetic spectrum) is absorbed by the phosphor, then it might emit a photon of say 2.48 eV (≈500-nm green light), which is common in Stokes' process [1] .
The luminescence of inorganic materials is composed of the following processes: (1) absorption and excitation, (2) energy transfer, and (3) emission. Most luminescent materials consist of a socalled host material to which certain dopant ions, also termed activators, are added. In such cases, the host lattice plays two distinct roles: as a passive matrix to define the spatial locations of the activator ions; and as an active participant in the luminescence process, exerting its own specific influence on the spectroscopic behavior of the activator. In the latter, it helps to shape the structure of the energy levels of the activator and also introduces vibrations of various energies, the so-called phonons, which influence the kinetics of the luminescence phenomena.
Consider the luminescence phenomenon in the simple case as follows. Figure 2 (a) shows that the exciting radiation is absorbed by the activator ion (A) into a host material. A system of two electronic states, the ground energy state (g) and a higher-lying "excited" level (e), is schematized in Figure 2 (b). The process of excitation, which supplies energy to the host matrix, raises an electron from the g state to the e level. Most of the excitation energy moves to a different lower-lying state, with the remainder being dissipated without emission of light, through the so-called non-radiative (N-R) relaxation, e ! (nr). This configuration then relaxes to the ground state by sending off a photon of light, a radiative emission (nr) ! g. This completes the process, allowing the system to reach a state of minimum energy.
On the other hand, if energy absorbed by an activator in a crystal (a passive host) is transferred to a second activator of a different kind with the result that luminescence occurs in the second activator, the process is called sensitized luminescence. The activator that is responsible for the absorption of energy is called the sensitizer, and the activator that luminesces is the emission center. For this situation, the next stages occur: the absorption g s !e s transition is due to the sensitizer, an energy transfer process occurs from the sensitizer S to the center A in its higher-lying "excited" level. The level e A populated by the energy transfer decays non-radiatively to the slightly lower (nr), and finally the radiative emission, (nr) ! g A , occurs.
Sometimes, the host lattice can function as the absorber in a luminescent system, that is, as an active matrix, in which case we refer to "lattice-sensitized" luminescence.
Configurational coordinate diagram (CCD)
For electronic transitions within a solid, it is very common to find bands rather than isolated absorption and emission lines. The configurational coordinate model is a model to explain the width of bands in solids, which should correspond to discrete levels such as is depicted next. Figure 3 shows the configurational coordinate diagram (CCD) for a single metal ion (a luminescent center). The ordinate is the energy E of the activator-ligand system, whereas R (the configurational coordinate) is an interaction coordinate in the drawing and represents interatomic distance in a general way that defines the configuration of the ligands. As a first approximation, for small displacements the center ion behaves as a harmonic oscillator. Their two electronic states are represented as parabolas. The equilibrium distance between the center ion and the ligand will be represented by a quantity R 0 for the g state, and to the first excited state (e) will be R 0' . The vibrational levels are shown by horizontal lines for both states (denoted by 0, 1, 2, 3 and 0',1 ',2 ',3 ' the levels of g and e states, respectively). The absorption and non-radiative relaxation processes are indicated in Figure 3 (a). The vertical arrows represent the absorption of a photon (or energy from some other source: electric field, X-rays, neutrons, etc.) which excite a single center from the g state to the e state, and is usually referred as an optical absorption transition. Emission takes place as the electronic transition of the center from the lowest vibrational levels of the excited state to the ground state, Figure 3 (b).
However, the absorption, relaxation, and emission processes cover the dynamic behavior of all centers (metal ions) present in the solid, which is considered as a collective process. As the vibrations of the host lattice are random, they will affect the position of each center, so they will make different radiative transitions, depending on the value that the coordinate R takes.
If the luminescent material is cooled to 0°K, will only present electronic transitions between vibrational level lower of the ground state and the lowest vibrational level of the excited state, but at higher temperatures the vibrational coupling originates that electronic transitions made by all centers forming bands of excitation and emission into the solid in a continuous range of values of the energy [2] . The energy difference between the maximum of the absorption band and that of the emission band is called Stokes' shift; see Figure 3 (c).
This scheme of CCD assumes that there is an offset between the parabolas of the g and e states. What does this mean? In the next section, we focus the study on rare earth (RE) ions. Lastly on this section, the CCD will resume in the case of a crystal doped with a specific type of rare earth ions to show how the formation of bands in the crystal is due to this type of activators. Table 1 ). The RE ) and exhibit complicated magnetic behavior due, in general, that the electrons of the unfilled shells provide a net magnetic moment that may be oriented by the use of an external magnetic field B [3, 4].
Term symbols
For many-electron systems such as the transition metal, rare earth and actinide ions are considered, is convenient to represent the electron states with term symbols [5] . A term symbol has the general form 2S + 1 L J , where 2S + 1 is the multiplicity of the term, S is the quantum Luminescence -An Outlook on the Phenomena and their Applicationsnumber of the total spin angular momentum, L represents the quantum number of the total orbital angular moment and is denoted by capital letters as follows:
• L: 0123456,...
• capital letter: SPDFGHI....
(It is an extension of the notation for a one-electron atom or ion: s =0,p =1,d = 2, etc.). J is the quantum number of the total angular momentum with allowed values being |L-S|, L-S+1, …, L+S-1, L+S [6] .
The term symbols can be obtained using Hund's rule, which are of great help in evaluating the ground state of atomic or ionic systems [7] . They are stated as follows:
1. Terms allowed by the Pauli principle are ordered according to the quantum number S. The term of lowest energy level will be one of maximum value of S (highest multiplicity).
2.
For two or more terms with the same maximum multiplicity that with greatest value of L will be the lowest energy level.
3.
For configurations consisting of electrons in a less than half-filled shell, the ground multiplet (a term symbol) has the minimum J value, whereas for electron configurations with more than half-filled shell the multiplet has the maximum J value. That is, the lowest value of J is | L-S| and its maximum value is L + S. 
, it has seven f electrons, first half-filled 4f-shell, and the lowest value for total orbital angular momentum is L = 0 and the highest value for total spin angular momentum is S = 7/2 and hence J =|L ± S |=7/2. Thus, the maximum multiplicity is 8 
Individual rare earth ions
To understand the energy levels of RE ions in a crystal, it is necessary to determine them in detail in the free atom. Since the lines originating are intra-4f n configuration transitions only, the energy levels of the f-shell have to be obtained [1, 8] .
The Hamiltonian of a many-electron ion (assuming the nucleus fixed) in a magnetic field B is given by [4, 6] 
In Eq. (1), the first term represents the kinetic energy of the electrons, with i =1 ,2 ,…,n electrons into d-shell, f-shell, and so on. The second is their Coulomb energy in the field of the nucleus. The third represents the energy associated with the mutual Coulomb repulsion between the electrons (electrostatic interactions), where the factor 1 / 2 is justified by the Pauli principle [6] . The fourth is the spin-orbit interaction due to all the electrons, where λ is known as the spin-orbit parameter, and the L and S vectors are the total orbital and spin angular momenta, respectively. This interaction is denoted as H so .
For the magnetic ions of much interest such as rare earth and transition metal ions, the next assumption is appropriate: the electrostatic interactions are certainly larger than the magnetic interactions [4] . Particularly, in rare earth ions, spin-orbit interaction is much smaller than electrostatic interaction, and, however, this must be taken into account due to coupling between L and S. The total angular momentum vector is J = L + S. The eigenvalues of the JÁJ operator are J(J +1) and in similar way LÁL have eigenvalues L(L + 1), and S(S + 1) to the SÁS operator [6] . Using the relation
It can be shown that, for example, with λ positive, for the single electron in 4f-shell of Ce 3+ , the energy level to J = 7/2 is higher than that to J = 5/2, by 7λ/2 due to the perturbation λ L Á S.
Crystal field theory
Crystal field theory is based on the hypothesis that a magnetic ion (an RE, a transition metal, or an actinide ion) in a crystal site feels the influence of its neighbors, the ligand ions, as an electric field which has the symmetry of the site. RE ions in crystals present spectra which are sharp f-f transition similar to free atoms [1, 3] . This is a consequence of the shielding of the 4f-shell from the surroundings by the filled 5s and 5p shells.
When RE ions are embedded in a host, crystal field H cryst effects are small (typically 100 cm -1 ) because f electrons are deeper in the ion [1, 8] . Hence, the spin-orbit interactions would be stronger due to the electrons that are nearer to nucleus: H cryst < H so .
The effects of crystal field strength and spin-orbit interaction are important, according to the order of magnitude [1, 3] . Thus, H crys is included in the Hamiltonian as follows:
For instance, consider the CaS:Eu luminescent compound. The CaS host lattice has the NaCl structure; therefore, each one of Eu ions. The effect of crystal field is very small, but produces a splitting on these energy levels to each one of RE 3+ (Gd 3+ is an exception; it has seven electrons in 4f-shell, and thus thecovalency effects [1, 4] . Actually, ΔR = RðeÞ−RðgÞ∼0, the change in configurational coordinate between ground and excited states is very small or zero, so that narrow absorption and emission lines will be observed, rather than broad bands as is shown on the left-hand side of Figure 6 (a) [2] . Luminescence -An Outlook on the Phenomena and their Applications 40
Interconfigurational transitions: absorption and emission bands
The allowed optical absorption transitions of the rare earth ions are interconfigurational and consist of two different types: 4f n ! 4f n-1 5d transitions and charge-transfer transitions (4f 5d corresponds to a broad absorption band, and it shows an 5d !4f emission band which can vary from UV-yellow range of the electromagnetic spectrum. ) in several levels. Thus, due to 4f !5d transitions, absorption bands appear in the UV region of electromagnetic spectrum because Ce 3+ tends to become tetravalent. Hence, the luminescent spectrum contains two sharp emission bands due to next transition: from the lowest 5d crystal field level to the ground state (4f 1 ).
Charge-transfer transitions
Figures 3 and 6(a) have been referred to two different schemes on configurational coordinate diagram: the former for two non-parallel parabolas and the second one to parallel parabolas. Now, we consider a suitable concentration centers inside host lattice, schematized through three parabolas as shown in Figure 6 (b). What does the highest parabola mean? Figure 7 shows some energy level of Eu 3+ in a certain semiconductor crystal.
Luminescence process can occur, mainly, because the host contains an appropriate concentration of ions which luminesce. Also, bands involved in an absorption spectrum maintains a dependence with the temperature [7] . Consider the next example.
A previous example to the results, which is presented in Section 2. , and grows by the Czochraski method. The concentration of Eu 2+ aggregated to the powder of NaCl was of 0.1 wt%. This sample was heated in the seven next stages: 100, 240, 340, 390, 440, 540, and 600°C. All absorption spectra consist of two bands in the range of 200-440 nm, but in Figure 8 (a) only the spectrum referred to 600°C is shown. With respect to the spectrum of continuous curve shown in Figure 8(b) , the high-energy band lost its structure in relation to the relative maxima observed in the continuous curve and the low-energy band does not considerably change its structure with such treatments [9, 10] . Remark: the high-energy band has shown a dependence with the treatment temperature.
Types of luminescence spectra and its relationship with photoacoustic technique
In this section, we review some techniques related with the luminescent spectra for measuring PL decay lifetimes, time-resolved PL, and photoacoustic (PA) spectra.
Technique of optical absorption

Theoretical model
For a homogeneous material, the relative fraction of the light intensity absorbed in traversing a thickness dx depends on absorption coefficient α (a constant characteristic of the material) as follows:
Thus, if the incident photons intensity at the sample surface is I 0 = I(x = 0) and I is the transmitted intensity, we obtain Eq. (6):
Transmittance is defined as ð
Þ100%, but also the optical density (OD) is often used:
where the reflection at the sample surface is neglected for simplicity (so, e.g., 1% transmittance corresponds to an OD = 2). Of Eqs. (6) and (7), the absorption coefficient can be expressed as
with α in cm -1 . For example, if the thickness of an amorphous film is 1 µm and α = 100 cm -1 , thus, the transmittance is 99%.
Experimental equipment
The absorption spectrophotometer equipment often measures the quantity OD.
Technique of photoluminescence
Consider again a two-level system: the ground state (g) to refer to a level in the ground state, and (e) for another level but in the excited state. Consider N i to be the number of centers that exist in the host lattice. At the time of excitation of the sample with light coming from a power source, a fraction f of the total centers will be taken from g to e state, and will occur after a stimulated emission from e to the g state. This process will continue until the condition of an equilibrium is established:
That is, the total number of centers that succeeded to pass through level g to level e: C e is a number of centers in the state e and a number C g in the ground state that made it through the level g [10] .
The energy gap between the levels e and g is the energy of emission of centers and is given by the equation
λ being the wavelength of the emitted light and hc is a constant depending on the system of units used (if E photon is expressed in cm -1 and λ is in nm then the constant hc has the value l0 7 , and when E photon is measured in eV, the constant hc has the value 1239.8 eV-nm].
On the other hand, the intensity of emission I due to n photons emitted every interval of time t is
In these circumstances to say, the intensity of emission I reaches the value of steady state [2, 10] .
The process of excitation emission to measure the photoluminescence spectra is schematized in Figure 9 . For the two-level system, e and g, the population of the excited state decreases according to [2, 10] 
In Eq. (5), the value of n gives the number of luminescent centers in the excited state after an excitation pulse, t is the time, and P eg the probability for spontaneous (or radiative) emission from the excited to the ground state. Integration yields
being the radiative decay time. The emission intensity is the rate of decay of the population of the excited state, that is,
1.
Experimental
The time-resolved PL spectroscopy is very productive for obtaining the recombination rates (or lifetimes) of various transitions. Thus, determining the dynamical processes including Figure 9 . Schematic diagram of a spectrofluorimeter brand SPEX Fluorolog to obtain the excitation-emission spectra of the phosphor materials.
emission line energies and the associated recombination rates as well as quantum efficiencies is one of the basic purposes of time-resolved PL studies [11] .
Time-resolved PL spectroscopy (or pulsed laser-excited time-resolved luminescence) is a relatively new technique usually paired with pulse laser excitation. If the laser pulse is brief enough (typically a few nanoseconds), the excitation is considerably shorter than most excited state lifetimes, offering the possibility of separating emission from different electronic states. In practice, this technique is applied by the synchronous use of laser pulses and gated detectors. One-timed signal will activate the laser, while the next, after a predetermined wait, will turn on the detector. Another signal will turn off the detector after a set dwell period. In this way, over many thousands of pulses, a complete emission spectrum can be acquired from electronic states with certain lifetimes. This is a particular value when trying to sort out the emission of activators whose emission spectra heavily overlap but differ in lifetime. Figure 10 shows an arrangement for obtaining the time-resolved PL spectra.
Photoacoustic spectroscopy 1.5.4.1. General description
The photoacoustic spectroscopy (PAS) of solid materials was revived around the year 1970, and is widely used in the research of amorphous films to investigate the phenomena physical and chemical in a number of fields including biology and medicine. More frequent use photoacoustic detection mode includes a microphone of gas cell, and is unique because it makes a direct monitoring of non-radiative relaxation and hence channel that complements the spectroscopic techniques of optical absorption and photoluminescence. This complementarity is because the PA spectrum is a spectrum of excitation which is related to the amount of heat generated by many non-radiative processes [12, 13] .
Experimental
This technique is used to obtain optical absorption spectra more defined near the edge of absorption, from which E g , the bandwidth of optical energy [12] , can be calculated.
The PA spectrometer consists of a stabilized 1000-W Xe lamp and a (1/8)-m-grating monochromator (Oriel, Model 77250). The monochromatic output beam was intensity modulated at 17 Figure 10 . Arrangement for measuring PL decay and PL emission intensity at different delay times.
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Hz with a mechanical chopper. The PA signal is recorded by an electret microphone and a lock-in amplifier. More details of this technique will be reviewed in Section 2.2.3.
Luminescent glasses
The preceding sections have dealt exclusively on solids in their crystalline form. However, also many glassy solids are of practical use today rather than crystalline.
When a liquid solidifies without crystallizing, it is currently said to form a glass, that is, to vitrify, or to pass to a vitreous state. This definition was initially reserved for inorganic solids, but such definition is too restrictive, due to that a large number of organic liquids also form glasses [14, 15] .
Most of the inorganic glasses encountered in the laboratory or in daily life are composed of mixed oxides of several elements. The oxides are usually described as the anion or polyanion of a nonmetallic element of high electronegativity (silica, borate, silicate, phosphate, germinate, and tellurite glasses [14, 15] .
Like crystals, glasses consist of an extended three-dimensional network but the diffuse character of the X-ray diffraction (XRD) spectra shows that the network is not symmetric and periodic as in crystals (i.e., there is no long-range order).
The glass network may be compared to a unique molecule or a system with a giant unit cell. Its structure can be analyzed in terms of coordination polyhedra of cations surrounded by a variable number of anions. In crystalline solids, polyhedra can have common corners, edges, or faces. For example, in NaCl crystals, each octahedron consists of six Cl -ions surrounding Na + cation.
Zachariasen sought the manner in which the polyhedra could be joined to build a disordered network related to that of a crystal [15] . For instance, SiO 2 in their different crystalline forms (quartz, cristobalite, tridymite, etc.), its network is built with SiO 4 tetrahedra (four oxygen ligands to a single Si form a single tetrahedron) joined at their corners. The same is true for vitreous SiO 2 but due to its non-periodicity, the mutual orientation of the consecutive tetrahedra is variable.
According to Zachariasen, the term network former has been adopted for an oxide which belongs to vitreous network, and network modifier for an oxide which does not participate directly in the network [15] . Certain oxides can function as glass formers or as modifiers depending upon the glass compositions involved. They are called intermediate oxides. Figure 11 classifies some oxide compounds as glass formers, modifiers, and intermediates [14] .
In particular, oxide compounds such as SiO 2 ,B 2 O 3 ,P 2 O 5, and GeO 2 alone have the ability to form glass, and when mixed with other oxides such as those of alkaline metals, alkaline earth metals, and transition metal form glasses [15] . These are the classic or conventional glasses that are referred in the literature as silicate, borate, phosphate, and germinate glasses, respectively. On the other hand, oxides TeO 2 ,V 2 O 3 ,S e O 2 ,M o O 3 ,a n dB i 2 O 3 are known as conditional network formers not able to vitrify themselves when a conventional melt-quenching method of vitrification is used, but when mixed with other oxides they are so-called non-conventional glasses [16] .
Consider now TeO 2 , a conditional network former. The structure of TeO 2 crystalline consists of trigonal di-pyramids (tdp) TeO 4 . Figure 12 shows a tdp: the equatorial plane is occupied by the alone pair of electrons (5s-electrons) of the tellurium atom and two atoms of oxygen O eq -Te-O eq , and in the axial positions are occupied by two atoms of oxygen O ax -Te-O ax [17] . X-ray and neutron diffraction structural studies have shown that the atomic arrangement in glassy TeO 2 may be well described as a three-dimensional network of TeO 4 tdp [18, 19] .
Actually, a tellurite glass is constituted by TeO 2 in high percentage and other network nonformer oxides as second component, third component, and so on. The structural units of tellurite glasses are assumed to be TeO 4 and trigonal pyramids TeO 3 , the latter with three bond Te-O shorter distances concerning the TeO 4 , where it has been observed that a change of TeO 4 in TeO 3 happens when the modifier oxide (a second component) content increases at the expense of that high content TeO 2 decreases [20] . Figure 13 shows that the polyhedra could be joined to build a disordered network in tellurite glasses. The relative abundance of these units depends on the composition [21] . Section 2.2 presents the photoluminescence and photoacoustic spectra (PAS) measured of a type of tellurite glasses.
Some glass-forming oxides, for examples, TeO 2 ,B 2 O 3 ,S 2 O 3 , in themselves do not luminesce, but the presence of suitable activators leads to numerous interesting phenomena. Contrary to the case of crystalline solids, the lack of periodicity in atomic arrangements in glasses leads to a broadening of the luminescence spectra. Glasses are an intriguing material with which to study luminescence phenomena; however, their power of dissolving most additives makes systematic studies of the effect of composition and, hence, of structure on luminescence possible [14, 22] . Luminescent centers in a host glassy consist of (a) "energetically isolated" activators, such as metal atoms, which may be considered to exist as a metal vapor in the glass, (b) molecules or groups that possess such a highly covalent nature as to be considered molecular groups, and (c) ions that participate directly in the glass structure and are, thus, more greatly affected by the host glass composition. In the latter case, the luminescence of rare earth ions is influenced by changes in glass structure less than that of other ions because of the shielding of the inner 4f electrons in which the transitions leading to emission occur. Rare earth ions can be easily incorporated into many glasses, so these materials represent in principle an interesting area of research. In a host glassy, the local environment of a rare earth ion is roughly the same as that in a crystal, giving rise to a spectrum consisting of distinct lines.
Luminescent glasses serve as a useful function in products such as lasers, dosimeters, scintillation counters, artificial teeth, and electroluminescent devices. Furthermore, luminescent glasses are useful in research for studying such problems as the constitution of glasses and the formation of a vitreous phase in a crystalline substance.
Experimental results
This section covers the results on the study in luminescent materials doped with a rare earth compound (with an appropriate concentration of RE ions). In order to start using some techniques of photoluminescence, a first result of my research presents the time-resolved photoluminescence spectra of an alkali halide crystal doped with Eu 2+ ions; the next results on photoluminescence and photoacoustic were obtained for oxide glassy compounds containing a concentration of a one type of rare earth ions.
2.1.
Results of time-resolved PL spectroscopy: NaCl: Eu 2+ crystal
Consider the NaCl:Eu 2+ luminescent compound as an example. EuCl 2 was added to the powder of NaCl. The Eu 2+ ions enter the NaCl network and substitute some Na + ions during the crystal growth [9, 10] . The concentration of Eu ions into the NaCl powder was of 0.1 wt%.
In this section, the results of luminescent decay and spectral measures with temporal resolution (pulsed luminescence) are presented, in order to corroborate the fact that the Eu centers have a different interaction with the environment (Cl -ligands and cation vacancies). To measure the decay of luminescence, the crystal was exposed to 500-ps and 337-nm laser pulses sent to the crystal with a frequency approximate of 10 pulses/s. By every pulse of excitation that makes a measure of intensity, this means that the intensity of the emitted light could vary according to the intensity of the pulse. For the analysis of the measures, the intensity of the excitation pulse has been considered constant. In this way, already every measure of intensity corresponding to a single pulse, intensity can be seen in relative and in this way we obtain the set of measures that represent the decay of the broadcast of the crystal at a fixed wavelength. Taking into account the luminescence results reported in the interval (380, 540) nm, the emission monochromator was set at corresponding wavelength of luminescence spectral region [9] . In Figure 14 , a particular case of luminescent decay occurs on a semilogarithmic plot. As a way of presenting, it is to be noted that the decay of the intensity is very approximately exponential, in agreement with Eq. (15) . These measures correspond to a freshly annealed crystal of 600°C to room temperature and to 427-nm emission wavelength. The slope of the graph obtained by least squares adjustment turned out to be 1.10 μs, which coincides within the experimental error with that reported as in [23] . Measures of decay emissions taken between 400 and 500 nm showed times of life around 0.85 μs to the crystal without treatment thermal.
Using the technique of temporal resolution, the emission spectra in the region of 390-490 nm were obtained. Two typical examples are presented in Figures 15 and 16 . Curves in Figure 15 correspond to the newly annealed crystal and those in Figure 16 to the crystal without heat treatment. Both curves in Figures 15 and 16 were taken with 100-and 1300-ns delay times. We see a similar behavior in both cases. In the case of the newly annealed crystal, it dominates the Figure 14 . Temporal response of PL emission from a NaCl:Eu 2+ freshly annealed crystal to 600°C (to a light emitted in 427 nm). Figure 15 . Emission spectra of a NaCl:Eu crystal freshly annealed crystal to 600°C with a temporal resolution of 100 (circles) and 1300 ns (triangles).
emission of free dipoles, while in the case of unheated crystal, it dominates the aggregate emissions [10] .
Results of the photoacoustic and photoluminescence spectra of rare earth ions-doped cadmium-tellurite glasses
Research on tellurite glasses is currently being performed because several of its properties can be used in different types of modern devices [24] [25] [26] . These glasses show wide transmission in the 0.4-5.0-μm range, high linear and nonlinear refractive index, good corrosion resistance, thermal and chemical stability, and they are capable of incorporating large concentrations of rare earth ions into the matrix [27, 28] . Tellurite glasses represent a compromise between the desire for a low phonon energy host (800cm -1 ) coupled with the need to retain mechanical strength and low-processing temperatures [29] . When tellurite glasses are doped with rare earths, high-intensity, narrow-peak emissions can be obtained. This last property makes these materials good candidates for laser applications [30] .
RE
3+ -doped zinc-tellurite glasses have been studied for RE = Nd [31] .
The following results are part of a wide research about the study of a ZnO-CdO-TeO 2 ternary system doped with rare earth ions. Four papers have been published early in the which the photoluminescence properties, structural studies, optical, and thermal analysis about this Figure 16 . Emission spectra of a NaCl:Eu crystal without prior heat treatment, with a temporal resolution of 100 (circles) and 1300 ns (rectangles).
matrix containing ytterbium and terbium [32, 33] , neodymium [34] , and europium ions [35] are reported.
Particularly, tellurite glasses in the glass-formation region (near the corner rich in TeO 2 in a composition triangle), for the ZnO-CdO-TeO 2 system, have been studied [36] .
Conventional melt-quenching method
Three batches of ZnO-CdO-TeO 2 system were prepared, as can be seen in . All the measurements were recorded at room temperature.
XRD results on ZnO-CdO-TeO 2 :REc glasses
These results are summarized as follows:
a. Yb118, Yb127, and Yb136 glasses display the pattern of an amorphous structure, and small particles of CdTeO 3 crystals are observed in the sample Yb118, see Refs. [32, 33] .
b. Tb118, Tb127, and Tb136 glasses also show a crystalline phase CdTeO 3 , see Refs. [32, 33] .
c. Of the V1, V2, and V3 glasses containing Nd 3+ , all exhibit a vitreous structure, which can correspond to short ordering of ZnO 4 tetrahedra embedded in the glassy structure, see Ref. [34] . 
Photoacoustic spectra
The results of optical absorption, in the majority of cases, have pointed out that these glasses are transparent in the visible and near IR regions of the electromagnetic spectrum [37] . PA spectroscopy was employed in order to obtain more defined absorption spectra around the edge absorption.
PAS is the most direct method of obtaining the spectral dependence of the optical absorption coefficient in edge absorption. The absorption coefficient α is proportional to PA intensity, that is,
The PA spectrometer equipment often measures the quantity PA signal intensity versus α.
CdTeO 3 is a semiconductor of direct band, and the same is observed to the ZnO, CdO, and TeO 2 constituents of these glasses. Hence, near edge absorption spectral behavior follows [32] :
In this relation, α is the absorption coefficient, h is Planck's constant, υ is the frequency of the incident light, E g is the optical energy measures in eV, and q = ½ for a direct band. Thus, of Eqs. (16) and (17), a measurement of |PA| 2 versus hv typical plot for the E g calculation [12] .
In Figure 17 , the PA spectra for the samples Yb127 and Yb136 are displayed, but Yb118 is not shown here. The E g is estimated, its value was 3.47 eV for Yb136 and 3.6 eV for Yb127. Figure 17 . PA spectra of Yb127 and Yb136 glasses. In the inset, a typical plot used to determine E g is illustrated.
Luminescence -An Outlook on the Phenomena and their Applications Figure 18 shows PA spectra for Tb118 and Tb127 glasses, but Tb136 is not displayed here. The E g is estimated, its value was 3.51 eV for Tb118 and 3.6 eV for Tb127. In both cases, Figures 17  and 18 , the value E g is limited in the interval (3.47, 3.60) eV, which is very near of E g = 3.9 eV, the bandgap of CdTeO 3 [32] . Figure 19 shows the PA spectra of the glasses doped with Nd 3+ : VI, V2, and V3. By considering that one of the compounds in the tellurite matrix is ZnO, a material of direct bandgap (E g ) thus, a same value of E g = 3.45 eV was calculated, for the three samples (see the inset of Figure 19 ,a plot to determine E g ). This value of E g indicates a wide bandgap material, and was an expected result for this type of glass, but this value is lower than those reported for other glasses of the same matrix doped with other ions [34] . Now, the PA spectra for the V1, V2, and V3 glasses containing Eu 3+ are exhibited in Figure 20 .
These spectra were acquired with steps of 1 nm/s, taking into account an average thickness of 1 mm. Obviously, this case is different from (a) to (c) cases because the crystalline phase of CdTe 2 O 5 corresponds to a semiconductor more complex.
In the region between~10 1 and~10 4 cm -1
, α obeys a simple relation,
which is termed the Urbach tail, being E 0 hardly depends on temperature [12] . In amorphous semiconductors, it is reported that E 0 varies linearly in the range of 0.05-0.1 eV. Using the Urbach relation and αðhvÞ∝PA, we obtain that . In the inset, a typical plot used to determine E g is illustrated, for the V2 glass. . In the inset, a typical plot used to determine E g is illustrated.
Luminescence -An Outlook on the Phenomena and their Applications 56 lnðαÞ∝hv (18) By applying Eq. (19) , ln(α) versus hv, for the V1-V3 glasses doped with europium, the energy of the optical absorption edge (E g ) was determined (see Figure 20) . The obtained E g values were 3.47, 3.33, and 3.49 eV for the V1, V2, and V3, respectively. The E g for the starting oxides (ZnO, CdO, and TeO 2 ) is 3.3, 2.5, and 3.3 eV, respectively [35] . Figure 21 shows the PL intensity of the samples Yb118, Yb127, and Yb136. Only the 2 F 5/2 ! 2 F 7/2 transition was detected, as expected because this is the only transition reported until now for Yb-doped materials. The gradual diminution of the PL signal in the samples from Yb118 (the higher signal) until Yb136 (the lower signal) can be due to surface effects. This fact can be due to the difficulty to polish this kind of samples, in this way, some of them can present more roughness than others. The PL emissions of Yb-doped samples are accompanied by the second harmonic of the laser line (976 nm). The effects of the luminescence of the ion Yb 3+ have already been observed in other hosts of tellurite glasses, showing a typical transition [38] .
Photoluminescence spectra
In Figure 22 , the PL spectra for the samples Tb118, Tb127, and Tb136 are displayed. , respectively. It is important to stand out that some of the luminescent emissions were intense enough that could easily be seen with naked eye. As a matter of fact, the signal of three of the six samples at 548 nm (transition 5 D 4 ! 7 F 5 ) saturated our detector. On the other hand, it can be observed that it does not matter if the type of the matrix is crystalline or amorphous, since the position of the peaks does not change. PL in crystalline and amorphous matrices of RE-doped materials has already been reported in the literature. PL spectra of glasses are shown in Figure 23 , where only one transition 4 F 3/2 ! 4 I 9/2 appears due to the emission of the Nd 3+ ions. Such a transition is typical in Nd
3+
-doped glasses and has also been reported by other authors [31] . PL spectra of glasses are shown in Figure 24 , indicating the characteristic transitions due to the Eu 3+ ion, which were identified as follows: . Figure 22 . The photoluminescence spectra of the Tb118, Tb127, and Tb136 samples are displayed.
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Eu-doped-glasses and have also been reported previously in glasses containing this dopant [39, 40] . The emission spectra for the three samples are dominated by the 2.1 Optical absorption spectra showed that these glasses are transparent in much of the optical region of the electromagnetic spectrum.
2.2 The photoluminescent emissions of these glasses investigated were assigned to typical transitions of those rare earth ions that already have been identified in other systems vitreous.
2.3
The results seen in the photoacoustic spectra, and their correlation with XRD patterns, have allowed to obtain the bandwidth of optical energy (optical bandgap) of Figure 24 . Photoluminescence spectra of V1, V2, and V3 glasses containing Eu 3+ .
crystalline phases that are embedded in the vitreous structure characteristic of the material under study.
2.4 PA spectroscopy allows to determine the optical energy gap values that were found with those reported in other systems already studied by this technique. Luminescence -An Outlook on the Phenomena and their Applications 60
